A correlation between the juxtaglomerular apparatus, renin or angiotensin and aldosterone was studied in various diseases with special reference to hyper tensive patients and cases of secondary aldosteronism.
High juxtaglomerular cell count and increased aldosterone excretion or secretion were observed in cases of hypertension due to renal artery stenosis, progressed essential hypertension and secondary aldosteronism with edema or ascites. The results suggest strongly that renin secreted from the juxtaglomerular cells or angiotensin stimulates the adrenal cortex to secrete aldosterone.
It is probable that the most important factor which activates this juxtaglomerular apparatus, renin or angiotensin and aldosterone system may be a decrease of circulating blood volume. Although the causality of this system to the incidence and the maintenance of hypertension is not clear, there is no evidence that this system plays a very important role.
Tigerstedt and Bergman1) found renin in crude extract of the rabbit kidney (1898). Goldblatt2) was the first to succeed in making experimental hyperten sion by constriction of the main renal artery of the dog (1934) . In the following years the humoral mechanism of renal hypertension was elucidated by Page, Braun-Menendez and Skeggs et al. [3] [4] [5] According to their studies renin has no vasoconstrictive effect by itself, but it is an enzyme which activates angiotonsinogen to convert into angiotensin I.
By some another converting enzyme contained in plasma, angiotensin I changes into angiotensin II, which for the first time demonstrates a potent vasoconstriction .
On the other hand juxtaglomerular cells were first described by Ruyter (1926)6). It was Goormaghtigh7,8 )who studied this apparatus in human autopsy material and. concluded that juxtaglomerular cells were considered to participate in the formation of a vasopressor substance or its precursor. In recent years electron microscopy demonstrates that the granules secreted from this apparatus are specific secretory bodies, and a fluorescent study confirms the fact9,10)
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Furthermore renin and/or angiotensin have been proved to be potent stimulants to activate the zona glomerulosa of the adrenal cortex to secrete aldosterone''-13). Angiotensin is now considered to be a very important factor in the regulation of aldosterone secretion.
Thus, while many studies have been done on this very interesting problem of the correlation between juxtaglomerular cells, renin and/or angiotensin and aldosterone, it is not yet perfectly clear whether this system plays a very important role in the incidence .or maintenance of hypertension.
The authors also performed clinical and experimental research on this correlation. In the present paper our clinical data will be shown in regard to the juxtaglomerular apparatus and the urinary excretion and the secretion rate of aldosterone in patients with various diseases. We will discuss the possible significance of this system in the incidence or maintenance of hypertension and the mechanism which regulates this system.
MATERIALS AND METHODS
Both clincial and autopsy cases were selected for study.
Histopathologieal study for the juxtaglomerular,apparatus Measurement of the urinary excretion and the secretion rate of aldosterone Clinical materials investigated were 24 normal subjects, 36 patients with essential hypertension, 15 patients with renal diseases, 12 patients with primary aldosteronism, 14 patients with secondary aldosteronism such as liver cirrhosis, congestive heart failure or metabolic edema, and 7 patients with periodic paralysis. The urinary excretion of aldosterone was estimated by a modification of Nowaczynski's method16). In some cases the urinary excretion.oif free aldosterone and the aldosterone metabolite, tetrahydroaldosterone were measured in essentially the same principles as those employed by Peterson and Ulick respectively17,18). From each specific activity the aldosterone secretion rate was calculated.
RESULTS
Normal controls: The mean JGCC in 22 cases of sudden death with no remarkable macroscopical changes of the kidney was 187.7 ( Fig. 1) . The granules ,of the juxtaglomerular apparatus (JGA) were manifestly found in only granules were proved in the JGA of the stenosed kidney. Liver disease: All materials studied for the JGA were autopsy cases. The JGCC tended to increase and was more than 230 in 11 of 42 cases, two of which were patients with Budd-Chiari's syndrome. In 5 of these 11 cases hypergranularity was observed in JGA by Bowie stain (Figs. 8, 9 and 10 ). There seemed to be a posi tive correlation between the JGCC and the amount of ascites at autopsy. As shown in Fig. 4 , the high JGCC was seen in cases in which ascites exceeded 2,000 cc. Most of the patients with liver cirrhosis had elevated aldosterone excretion and secretion rates than normal, but the excretion of aldosterone metabolite, tetrahy droaldosterone was relatively less than that of free aldosterone.
Other various diseases:
The JGCC was higher than 230 in 5 of 16 cases of peritonitis carcinomatosa with ascites more than 2,000 cc whose original site was the stomach.
Patients with periodic paralysis had higher aldosterone secretion rates in spite of normal excretion.
DISCUSSION
It was Tobian19) who described juxtaglomerular cells in experimental hyper tensive rats. He observed a slight increase and a marked decrease of the juxtaglomerular granulation index (JGI) in the clamped kidney and contralateral kidney respectively. In human material Goormaghtigh7,8) was the first to study this apparatus and observed increase of granulation and size of juxtaglomerular cells in isehemic kidney as well as Goldblatt kidney. Recently Itskovitz et al.20) observed the granularity of the juxtaglomerular cell with special reference to hypertension. But since in human kidneys JG granules are not always demonstr able as in the rats, it seems that description of granulation only through such an estimation as JGI is not enough to clarify the change of this apparatus. On this view point, Turgeon et al. 15 ) have employed a new counting method assaying cells of 25 juxtaglomerular apparatus. He found that in the "Goldblatt type" kidneys the JGCC increased and there was an inverse correlation between the JGCC and the duration of the hypertension before operation or the therapeutic effect of the nephrectomy. Afterwards Crocker21) confirmed this in 25 cases of the Goldblatt kidneys. In our 4 cases of "Goldblatt-type" hypertension, the JGCC increased markedly on the stenosed sides, while on the contralateral sides of two cases the JGCC was normal in case 1, slightly increased in case 4 whose histology showed malignant nephrosclerosis. In case 1, the blood pressure returned to normal after nephrectomy. 25 ) observed that no elevation of aldosterone secretion occurred unless the "malignant phase" supervened in experimental hypertension caused by renal artery constriction . In our three cases both the secretion rates and the urinary excretions of aldosterone showed a marked elevation in case 1, while within normal range in cases 2 and 3. But clinical finding and histology of the kidney in case 1 were not considered to be in a malignant phase yet. Among many studies on the urinary excretion and the secretion rate of aldosterone in essential hypertension, Genest and Romanelli found them above the normal range in more than half of the cases. Venning31) and Laragh32) measured the urinary aldosterone excretion and aldosterone secretion rate respectively and came to the conclusion that they showed normal in uncomplicated early stage, but significantly elevated in malignant hypertension or in cases with renal disturbances. On the other hand, Cope et al. 24 ) observed that subjects with malignant hypertension showed either high or low secretion rates of aldosterone. Sambhi et al. regarded hyperaldosteronism in the malignant phase as a secondary phenomenon. As Fukuchi, one of the authors, reported previously33), present data revealed that increased urinary aldosterone excretions were closely related to the duration or degree of hypertension and the grade of the occular fundi. The secretion rates of aldosterone were also high in most cases of essential hyperten sion.
As to the adrenal glands of patients with essential hypertension, adenomatous hyperplasia is known to develop mainly in the outer part of the cortex and this hyperplasia seems to suggest high aldosterone secretion34,35 Granules of JG cells by Bowie stain were proved to be much increased in the cases with high JGCC. Corresponding to this hyperfunction of JGA, the urinary excre tion and the secretion rate of aldosterone showed definite high level in these cases. Moreover, according to Yoshinaga et al. plasma renin content was elevated in cases with edema or ascites28).
It has been acknowledged that the increase of urinary free ,aldosterone with decreased tetrahydroaldosterone in liver disease is due to disturbance of the inactivation of ,aldosterone in liver 41, 41) . The authors also confirmed the fact. Wolff et .al. 37) found that in liver disease there was elevated aldosterone secretion from the adrenal glands besides metabolic disturbance.
The authors ascertained this by the use of double isotope derivative method.
Demura43) investigated the adrenal glands in various :liver diseases and found hyperplasia of the outer cortex mainly in liver cirrhosis. 'Therefore it seems probable that a .chronic .over production of renin is related to the cause of this hypertrophy of the,outer cortex of the adrenal glands.
Tobian44) suggested that the juxtaglomerular cells might be volume .or stretch receptors and that conditions causing decreased stretch in the apparatus result in increased granularity and thus increased renin secretion. Decrease of circulating blood volume seems to occur by water transposition from the blood vessels to the abdominal cavity in liver cirrhosis, by water loss out of blood vessels due to serum protein lowering in nephrotic syndrome and by congestion of venous system in congestive heart failure.. Present results seem to be sufficient to support his theory. Just as the increase of JGl in aminonucleoside rats had a close relation to ascites formation44), the JGCC in liver disease was parallel to the amount of ascites at autopsy. This finding is consistent with the relationship between hyperplasia of the outer cortex of the adrenal glands and the amount,of ascites reported by Demura43),. The JGCC was high also in cases of stomach cancer with ascites more than 2 1. due to peritonitis caxcinomatosa. Davis et al. 45 ) made a stenosis of thoracic vena cava in dogs and observed a state of hyperaldosteronism coincident with increased granularity of the juxtaglom erular cell. It is noteworthy that the authors found high JGCC and hypergranul arity of JG,cells in two cases of Budd-Chiari's syndrome.
From these data it may be concluded that in secondary aldosteronism renui-angiotensin-aldosterone system is markedly activated. As in primary aldosteronism both JGCC and plasma renin content were normal, elevated aldoste rone secretion rate in secondary aldosteronism is a resultant of overproduction of renin or angiotensin which stimulates the zona glomerulosa of the adrenal cortex. But a recent study by Gann et al.46) suggests that there is a factor in addition to renin or angiotensin which regulates aldosterone secretion because there was no significant difference in aldosterone secretion between intact and nephrectomized dogs following acute constriction of the thoracic inferior versa cava. Therefore it seems inadequate to conclude from present data that renin and/or angiotensin are the only factors which regulate aldosterone secretion .
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